Objective: To estimate the intake of ruminant trans fatty acids (TFA) in the Danish population aged 1-80 years. Design: Descriptive study. Subjects: A sex-and age-stratified random sample drawn from the Danish Civil Registration System. A total of 3098 participants (51% female) aged 1-80 years were included. The participation was 66%. Dietary information: A 7-day dietary record. Results: The estimated median intake of ruminant TFA was 1.4 g/day with the 80% central range being from 0.9 to 2.1 among children aged 1-6 years and 1.6 g/day (1.0-2.4) among children aged 7-14 years. The median TFA intake was 1.8 g/day (0.9-2.9) among adults aged 15-29 years and among adults aged 30-80 years. The intake expressed as percentage of energy intake was 0.8, 0.6, 0.7, and 0.7, respectively. Dairy products were the main source of ruminant TFA. Conclusions: The median intake of ruminant TFA in the Danish population aged 1-80 years is estimated to be 1.7 g/day (0.9-2.7), corresponding to 0.7% of energy intake (0.5-1.0), with dairy products being the main source of ruminant TFA.
Introduction
Trans fatty acids (TFA) are present in margarines, shortenings and frying fats as a result of industrial partial hydrogenation of unsaturated vegetable oils (Precht and Molkentin, 1995) .
Meat and milk fat from ruminants also contain TFA as a result of bacterial hydrogenation of unsaturated fatty acids in the rumen (Kepler et al., 1966) .
Epidemiological studies have shown a direct association between the intake of TFA and the risk of coronary heart disease (CHD), primarily accounted for by industrially produced TFA (Willett et al., 1993; Ascherio et al., 1994; Pietinen et al., 1997) . However, Oomen et al. (2001) found similar nonsignificant direct associations between both industrially produced and ruminant TFA and the risk of CHD. In Denmark, the content of industrially produced TFA in margarines has been reduced and consequently the intake of industrially produced TFA has decreased. Calculated from sales figures, the intake of TFA from margarines and shortenings decreased from 2.2 g/person/day in 1992 to 1.5 g in 1995, and 0.35 g in 1999 (Leth et al., 2003) . In 2003, the Danish government decided that fats with a content of more than 2% industrially produced TFA would not be sold after 1 January, 2004 (Order no. 160 of 11 March, 2003 , about the content of TFA in oils and fats, etc.). In contrast, a lowering of the intake of ruminant TFA can be achieved only by decreasing intake of ruminant meat products and dairy products. For a comprehensive evaluation of the public health impact of ruminant TFA, information on the intake is necessary.
The content of TFA in ruminant meat products representative of the supply in Denmark has been determined by Leth et al. (1998) . The content of TFA in Danish butterfat which is representative of milk fat, has been determined repeatedly from 1976 to 1998 (Nielsen, 1976; Lund and Jensen, 1983; Lund, 1987; Precht and Molkentin, 1996; Aro et al., 1998) . However, the fatty acid composition of milk fat shows distinct seasonal variation with a greater content of TFA during the outdoors pasture-feeding season (Nielsen, 1976; Lund, 1987; Precht and Molkentin, 1995) . Only Nielsen (1976) and Lund (1987) analysed samples of butter collected during 1 year. As the feeding of dairy cattle during indoors feeding may have changed over the years and thereby caused changes in the fatty acid composition of milk fat, and as analytical methods have improved, there is a need for a more recent analysis of the TFA content in milk fat, to compute the intake of ruminant TFA in Denmark.
A population-based reduction in the intake of TFA can rather easily be achieved by reducing the content of industrially produced TFA in food items. A reduction in the intake of ruminant TFA is, however, a much more complex issue. The aim of this study was consequently to estimate the intake of ruminant TFA in the Danish population in order to establish a basis for an evaluation of the association between the intake of ruminant TFA and the risk of CHD. We determined the content of TFA in Danish butter purchased during 1 year. An estimate of the intake of ruminant TFA in the Danish population was achieved by combining our results on TFA content in milk fat and our previous published results on the content of TFA in ruminant meat products representative of the supply in Denmark (Leth et al., 1998) , with information on food intake from the general Danish population aged 1-80 years (Andersen et al., 1996) .
Materials and methods

Study population
This study is based on data from a cross-sectional dietary survey conducted in Denmark in 1995 (Andersen et al., 1996; Groth and Fagt, 1997; Warming and Fagt, 1997) . The primary aim of the survey was to describe the intake of foods and nutrients in the Danish population. The study participants were a sex-and age-stratified random sample drawn from the Danish Civil Registration System. Institutionalised persons and persons who received their meals from public catering services were excluded (63 people). A total of 3098 participants (51% female) aged 1-80 years were included. The participation was 66%. The characteristics of participants and nonparticipants have been described (Andersen et al., 1996) .
Dietary information
Information on the diet was obtained by a 7-day selfadministered dietary record with precoded alternatives for the common foods eaten. To take seasonal variation of food intake into account, data were collected in February, May, and August. Household measures and series of pictures of the amount of fat spread on bread, vegetables eaten at dinner, rice and pasta, and stews were used to estimate portion sizes. Foods were classified into 207 food items. The validity of the 7-day dietary record method has been assessed using the estimated physical activity level (defined as the ratio of the reported energy intake to the estimated basal metabolic rate) according to cutoff limits suggested by Goldberg et al. (1991) . The cutoff limits identify minimum physiological plausible levels of energy expenditure (and thus energy requirement). The estimated mean physical activity level among the adults was 1.54 (Groth and Fagt, 1997) , indicating that the reported energy intake was a plausible measure of the actual diet during the measurement period.
Analysis of TFA content in butter
From May 1998 to April 1999, 11 samples of bovine butter were purchased in Denmark at approximately monthly intervals. The samples were divided into the outdoors pasture-feeding season (from May to October) and the indoors feeding season (from November to April).
Lipids were extracted from butter samples with a mixture of diethyl ether and petroleum ether. For fat determination, an aliquot was evaporated to dryness and the remaining fat weighed after drying to constant weight at 1031C. Fatty acid methyl esters were prepared from another aliquot after evaporation of the solvent and addition of heptadecanoic acid as internal standard, by saponification with methanolic sodium hydroxide followed by methylation with boron trifluoride in methanol. Fatty acid methyl esters were extracted with heptane, diluted with iso-octane, and analysed by gas-liquid chromatography on a Perkin-Elmer 8420 instrument with a flame-ionisation detector and a CP-Sil 88 capillary column (100 m Â 0.25 mm i.d., 0.2 mm film thickness, Chrompack, Middleburg, The Netherlands). The initial oven temperature was 1101C. After 5 min, the temperature was raised to 2201C at 31C/min, where it remained unchanged for 10 min. Helium was used as carrier gas at a flow of 0.8 ml/min. The vaporiser injection system was programmed from 50 to 3001C, whereas the detector temperature was maintained at 3501C. Good separation between C18:1 cis and trans was obtained.
Nu-Chek-Prep Standards gas-liquid chromatography 60 and 68B (Nu-Chek-Prep, Inc., Elysian, MN, USA) were used for calculation of response factors. The samples were analysed with single determinations in series including a certified BCR reference material, CRM 162 Soya-maize oil (Institute for Reference Materials and Measurements, Geel, Belgium) and an in-house reference material, soya-bean oil or olive oil. The relative standard deviations established from double determinations of samples on separate days were from 3 to 4% for palmitic, oleic, and linoleic acid.
Estimation of intake of ruminant TFA In total, 36 food items containing ruminant TFA were identified using the following criteria: (1) dairy products (23 products), (2) ruminant meat products: beef, veal, or lamb (eight products), and (3) composite products containing ruminant meat and/or milk fat (five products).
The content of TFA in dairy products was computed by combining our results on the mean annual content of TFA in milk fat with the content of milk fat in dairy products given by the Danish food composition tables (Møller and Saxholt, 1996) .
Values of TFA content in meat were obtained by using our previous published results on TFA content in ruminant meat products representative of the supply in Denmark (Leth et al., 1998) (Table 1) . The results were corrected for 20% overlap between C18:1 cis and trans, as suggested in that paper.
An estimate of the intake of ruminant TFA was achieved by combining the TFA content in dairy products and ruminant meat products with the information on food intake.
Statistics
Mean, minimum, and maximum were calculated for the content of C14:1 trans, C16:1 trans, C18:1 trans, C18:2 trans, and conjugated linoleic acids (CLA) in milk fat.
The distributions (mean, standard error of the mean, and percentiles) of intake of food groups and ruminant TFA were calculated for persons 1-80 years of age, and separately for sex and for the age groups 1-6 years, 7-14 years, 15-29 years, and 30-80 years. g/100 g milk fat a (g/100 g butter) g/100 g milk fat (g/100 g butter) g/100 g milk fat (g/100 g butter) The content of trans fatty acids in milk fat was calculated using the content of trans fatty acids in butter samples and the mean annual content of butterfat in 10 of 11 samples (81.3 g/100 g butter).
b n ¼ number of independent samples. To determine the most important source of ruminant TFA intake, the contributions of the different food groups to ruminant TFA intake were calculated.
Results
TFA content in milk fat
The mean content of TFA in butter was 4.8 g/100 g milk fat, with greater content during the outdoors pasture-feeding season than during the indoors feeding season, corresponding to a difference of 29% (Table 2 ). The content of C18:1 trans constituted 64% of total TFA; the content of C14:1 trans, C16:1 trans, C18:2 trans, and CLA constituted about 9% of total TFA each ( Table 2) .
Intake of ruminant TFA
The distribution of the estimated daily intake of ruminant TFA among persons 1-80 years of age is shown in Figure 1 . The median intake of ruminant TFA among persons 1-80 years of age was 1.7 g/day (0.7% of energy intake) with the 80% central range being from 0.9 (0.5) to 2.7 (1.0). Table 3 gives the estimated daily intake of ruminant TFA separately for sex and age groups. Table 4 gives the estimated daily intake of ruminant TFA distributed on sources of ruminant TFA separately for age groups. Dairy products were the main source of ruminant TFA contributing 89, 85, 83, and 87% of ruminant TFA intake among persons 1-6 years of age, 7-14 years, 15-29 years, and 30-80 years, respectively. Among persons 1-80 years of age, dairy products contributed 86% of ruminant TFA intake.
Discussion
In the present study, we used data from a cross-sectional survey where dietary information was obtained by a 7-day self-administered dietary record (Andersen et al., 1996) . This Intake of ruminant TFA MU Jakobsen et al method measures actual intake over 7 days and can be considered adequate, as dairy and ruminant meat products are consumed in relatively large amounts daily. In the present study, the mean content of TFA in butter samples was greater during the outdoors pasturefeeding season than during the indoors feeding season.
Only two (Nielsen, 1976; Lund, 1987) of five (Nielsen, 1976; Lund and Jensen, 1983; Lund, 1987; Precht and Molkentin, 1996; Aro et al., 1998) previous studies analysed samples of Danish butter collected during 1 year. Nielsen (1976) analysed 152 samples of butter. The mean TFA content was 5.2 g/100 g milk fat also showing seasonal variation, with greater content during the outdoors pasture-feeding season (5.8 g/100 g milk fat) and less content during the indoors feeding season (4.7 g/100 g milk fat). In the study by Lund (1987) , the mean TFA content of 163 samples of Danish butter was 5.5 g/100 g fatty acids. That study also showed seasonal variation, with greater content during summer. The results from the present study are thus in good agreement with previous results on TFA content in Danish butter, indicating that any changes in feeding of the dairy cattle over the later decades has not affected the TFA content of milk fat.
The daily TFA intake from ruminant meat was calculated using our previous published values on the content of TFA in 39 samples of beef, 20 samples of veal, and 31 samples of lamb (Leth et al., 1998) . The samples were representative of the supply of ruminant meat products in Denmark. The mean content of TFA in beef and veal were about half of that found in lamb. Owing to slower turnover, meat fat may be less susceptible to seasonal variation than milk fat, but individual variation may be considerable (Bayard and Wolff, 1996) . However, in the study by Leth et al. (1998) five beef products, five veal products, and three lamb products with differing fat content were selected, and four to 11 samples of each type of meat product were analysed. The CLA content in ruminant meat products representative of the supply in Denmark has not been determined. Chin et al. (1992) , have determined the CLA content in meat products purchased in the USA. The CLA content in beef (the main source of TFA from ruminant meat products in Denmark) was 0.29 g/100 g meat fat. Consequently, the TFA intake from ruminant meat products in the present study may be underestimated, although, not substantially, as dairy products were the main source of ruminant TFA contributing 86% of ruminant TFA intake.
Food statistics can be used to describe changes in the food intake over time. In Denmark, the amount of milk fat and ruminant meat available for consumption has been relatively constant from 1970 to 2001 and so has the amount of energy in the diet available for consumption (Fagt and Trolle, 2001 ). Thus, the absolute and the relative intake of ruminant TFA may also have been constant in this time period.
Only one previous study has estimated the intake of ruminant TFA in Denmark. Wolff (1995) estimated the daily per capita intake of C18:1 trans by populations of member countries of the European Economic Community (EEC) using values of the content of C18:1 trans in French butter, tallow, and lamb, and values of the content of C18:1 trans in beef from American plants. The mean C18:1 trans intake among all EEC countries was estimated to be 1.4 g/capita/ day, with Denmark ranking highest in the EEC (1.8 g/capita/ day). However, using consumption data from 1993 instead of 1983 and using a mean value of TFA content of milk fat based on analyses of more samples of butter collected in all seasons, the mean ruminant TFA intake in Denmark was recalculated to 1.4 g C18:1 trans/capita/day (Wolff, 1998, personal communication) . In the present study, we found a slightly lower mean intake of C18:1 trans on 1.2 g/day among persons 1-80 years of age. An explanation for this difference may be that the estimated intake of C18:1 trans in the study by Wolff (1995) is based on food available for consumption and not, as in the present study, on actual intake. Epidemiological studies have shown a direct association between the intake of TFA and the risk of CHD, primarily accounted for by industrially produced TFA (Willett et al., 1993; Ascherio et al., 1994; Pietinen et al., 1997) . However, comparisons between ruminant TFA and industrially produced TFA and risk of CHD in earlier epidemiological studies (Willett et al., 1993; Ascherio et al., 1994; Pietinen et al., 1997) have been based on quintiles of intake, which implied that the associations between these two sources of TFA and risk of CHD were described across different ranges of intake. For ruminant TFA, the quintiles covered the range of mean intake from about 0.5 to 2.5 g/day, whereas for industrially produced TFA, the quintiles covered the range from about 0.1 to 5.1 g/day. When comparisons were made for intake up to 2.5 g/day no differences in risk of CHD for TFA of distinct origination were found, as reviewed by Weggemans et al. (2004) . At greater intake, both intake of industrially produced TFA and intake of total TFA were associated with an increased risk of CHD (Weggemans et al., 2004) . The 90% central range of ruminant TFA intake in the present study was from 0.8 to 3.4 g/day (or from 0.4 to 1.4% of energy intake) among persons 30-80 years of age.
In this study, we estimated the absolute and relative intake of ruminant TFA. Whether the intake of ruminant TFA in risk assessments should be expressed as absolute or relative intake depends on the potential biological relationship between the intake of ruminant TFA and the risk of CHD, which is not fully understood. If ruminant TFA selectively affect an organ system that is uncorrelated with body size, or if physical activity does not affect the metabolism of ruminant TFA, the absolute intake may be most relevant. If ruminant TFA are metabolised in approximate proportion to total energy intake, the relative intake may be, however, the most relevant.
Whether intake of ruminant TFA is associated with an increased risk of CHD or not is controversial, and future studies need to address this. However, substituting low-fat variants for high-fat products in order to reduce intake of ruminant TFA will result in a concomitant lowering of intake of saturated fatty acids, which is attractive from a public health perspective.
In conclusion, the median intake of ruminant TFA in the Danish population aged 1-80 years is estimated to be 1.7 g/day, corresponding to 0.7% of the energy intake, with dairy products being the main source of ruminant TFA.
